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n Structure of the oligomerization and L-arginine binding
domain of the arginine repressor of Escherichia coli.
Gregory D Van Duyne, Gourisankar Ghosh, Werner K
Maas and Paul B Sigler (1996). J. Mol. Biol. 256,
377–391.
Arginine biosynthesis in E. coli is regulated primarily at the
level of transcription. The crystal structure of the oligo-
merization and L-arginine binding domain of the E. coli
arginine repressor (ArgR) was determined with bound arginine
(the corepressor) and in the unliganded form. The oligomeric
core is a hexamer formed by six identical subunits comprising
the 77 C-terminal residues. The hexamer is formed from two
trimers, each with a tightly packed hydrophobic core. In the
absence of arginine, the trimers stack back-to-back through a
dyad-symmetric, sparsely packed hydrophobic interface. Six
molecules of arginine bind at the trimer–trimer interface
crosslinking the two protein trimers, suggesting possible
mechanisms by which arginine activates ArgR to bind to its
DNA target.
23 February 1996, Journal of Molecular Biology
n Crystal structure of Escherichia coli
phosphoenolpyruvate carboxykinase: a new structural
family with the P-loop nucleoside triphosphate
hydrolase fold. Allan Matte, Hughes Goldie, 
Robert M Sweet and Louis TJ Delbaere. (1996).
J. Mol. Biol. 256, 126–143.
The crystal structure of ATP-dependent phosphoenolpyruvate
carboxykinase (PCK) from E. coli was determined at 1.9 Å
resolution. PCK is an open-faced, mixed a/b protein, with two
domains each having an a/b/a folding topology. This is found
in several other mononucleoside-binding enzymes although
the b-sheet topology differs from that of other members of the
nucleoside triphosphate hydrolase superfamily. The active site
of the enzyme is absolutely conserved among known members
of the ATP-dependent PCK family.
16 February 1996, Journal of Molecular Biology
n The automatic search for ligand binding sites in
proteins of known three-dimensional structure using
only geometric criteria. Klaus P Peters, Jana Fauck and
Cornelius Frömmel (1996). J. Mol. Biol. 256, 201–213.
The biological function of a protein depends on the structure of
specific binding sites. This paper describes a new algorithm
called APROPOS which is based purely on geometric criteria
and can be used to identify such binding sites using atomic
coordinates. In a representative set of proteins, the algorithm
correctly locates more than 95% of all binding sites for ligands
and prosthetic groups with molecular masses of 100–2000 Da.
The authors conclude that protein–protein interactions occur
between flat areas of protein surface whereas specific inter-
actions of smaller ligands take place in pockets in the surface.
16 February 1996, Journal of Molecular Biology
n Heparin structure and interactions with basic fibroblast
growth factor. (1996). S Faham, RE Hileman, JR Fromm,
RJ Linhardt and DC Rees. Science 271, 1116–1120.
Heparin and related glycosaminoglycans form components of
the extracellular matrix, are participants in signal transduction
pathways, and act as therapeutic agents. Despite the
importance of these molecules, atomic resolution structures
have not been available for heparin-based species larger than
monosaccharides. In this paper, crystal structures of heparin-
derived tetra- and hexasaccharides complexed with basic
fibroblast growth factor (bFGF) were determined at
resolutions of 1.9 and 2.2 Å, respectively. The heparin
structure may be approximated as a helical polymer with a
disaccharide rotation of 174° and a translation of 8.6 Å along
the helix axis. Both molecules bind in a similar manner to a
basic region of the bFGF surface. No significant
conformational change in bFGF occurs upon
heparin-oligosaccharide binding, which suggests that heparin
primarily serves to juxtapose components of the FGF signal
transduction pathway.
23 February 1996, Science
n X-ray crystal structure of human acidic fibroblast
growth factor. Michael Blaber, Jerry DiSalvo and 
Kenneth A Thomas (1996). Biochemistry 35, 2086–2094.
Fibroblast growth factors (FGFs) are mitogenic and
chemotactic agents for a wide variety of cell types and play a
primary role in the regulation of angiogenesis. The authors
report here the crystal structure of human acidic FGF (aFGF),
at 2.0 Å resolution. The crystal contains four independent
molecules in the asymmetric unit. Each molecule contains a
single bound sulfate ion which defines a potential heparin
binding site. An interior cavity exists in each of the four
molecules, with cavity sizes ranging from 20 to 50 Å3, that is,
they are all smaller than that observed in the related protein
interleukin-1b. The region comprising the high affinity FGF
receptor binding site is structurally very similar to the
corresponding region from human bFGF, whereas the low
affinity site is structurally quite different. 
20 February 1996, Biochemistry
n Crystallographic evidence that the F2 kringle catalytic
domain linker of prothrombin does not cover the
fibrinogen recognition exosite. Andreas van de Locht,
Milton T Stubbs, Margit Bauer and Wolfram Bode (1996).
J. Biol. Chem. 271, 3413–3416.
The 2.6 Å X-ray crystal structure of bovine a-thrombin in
complex with rhodniin, a protein inhibitor isolated from the
bug Rhodnius prolixus, has been solved and refined. The
structure has enabled the authors to trace the N-terminal part
of the 49-residue A-chain of bovine a-thrombin. This chain is
fixed in a U-shaped loop on the molecular surface opposite
that which harbours the active site canyon. Model building
shows that the 25 amino acid residues that link the A-chain and
F2 kringle cannot run through the fibrinogen recognition
exosite. This exosite is therefore available in prothrombin and
meizothrombin.
16 February 1996, Journal of Biological Chemistry 
n Crystal structure of various maltooligosaccharides
bound to maltoporin reveal a specific sugar
translocation pathway. R Dutzler, Y-F Wang, PJ Rizkallah,
JP Rosenbusch and T Schirmer (1996). Structure 4,
127–134.
Maltoporin facilitates the translocation of maltodextrine across
the outer membrane of E. coli. The crystal structures of
maltoporin in complex with maltose, maltotriose and
maltohexaose reveal an extended binding site within the
maltoporin channel. The maltooligosaccharides are in apolar
van der Waals contact with the ‘greasy slide’, a hydrophobic
path that is composed of aromatic residues and located at the
channel lining. Interactions with this slide guide the sugar into
and through the channel constriction. At this constriction the
sugars are tightly surrounded by protein side chains and form
an extensive hydrogen-bonding network with ionizable amino-
acid residues; this network confers stereospecificity to the
channel along with the ability to scavenge substrate at low
concentrations.
15 February 1996, Structure
n Adenylate kinase motions during catalysis: an
energetic counterweight balancing substrate binding.
CW Muller, GJ Schlauderer, J Reinstein and GE Schulz
(1996). Structure 4, 147–156.
Adenylate kinases undergo large conformational changes
during their catalytic cycle. This paper describes the crystal
structure of unligated adenylate kinase from Escherichia coli at
2.2 Å resolution and compares it with the high-resolution
structure of the same enzyme ligated with an inhibitor
mimicking both substrates, ATP and AMP. Upon substrate
binding, the enzyme increases its chain mobility in a region
remote from the active centre. As this region ‘solidifies’ again
on substrate release, the authors propose that it serves as a
‘counterweight’ balancing the substrate binding energy. This
counterweight prevents the enzyme from dropping into a rate-
reducing energy well along the reaction coordinate.
15 February 1996, Structure
n Structure determination of simian virus 40 and murine
polyomavirus by a combination of 30-fold and 5-fold
electron-density averaging. Youwei Yan, Thilo Stehle,
Robert C Liddington, Haiching Zhao and 
Stephen C Harrison (1996). Structure 4, 157–164.
Simian virus 40 (SV40) and murine polyomavirus (polyoma) are
non-enveloped DNA tumor viruses. Their structurally similar
capsids, about 500 Å in diameter, are formed by 72 pentamers
of the major coat protein VP1. Here the authors report the
structure determination of SV40 and polyoma at 3.8 Å
resolution, focusing particularly on methodological issues, and
on a comparison of the overall molecular organization in the
two related virus particles. In two accompanying papers 
(T Stehle et al., & SC Harrison (1996), Structure 4, 165–182; 
T Stehle and SC Harrison (1996), Structure 4, 183–194) the
high-resolution refinement of SV40, and the structures of
polyomavirus in complex with sialyloligosaccharides are
described in detail.
15 February 1995, Structure
n The structure of the Escherichia coli EF-Tu×EF-Ts
complex at 2.5 Å resolution. Takemasa Kawashima,
Carmen Berthet-Colominas, Michael Wulff, Stephen Cusack
and Reuben Leberman. (1996). Nature 379, 511–518.
Bacterial polypeptide elongation factor EF-Tu is the
archetypal guanine nucleotide binding protein (G-protein). Its
function in bacterial protein biosynthesis is to transport
aminoacylated elongator transfer RNAs to the messenger-
RNA–ribosome complex. The guanine-nucleotide exchange
factor, EF−Ts, acts as a catalyst in the displacement of the
GDP from the EF-Tu–GDP complex and allows the binding
of GTP; the ternary complex EF-Tu–GTP–aminoacyl-tRNA
can then be formed. The crystal structure of the EF-Tu⋅EF-Ts
complex from E. coli was determined to a resolution of 2.5 Å.
The complex contains two subunits of each of the elongation
factors. The two EF-Ts molecules form a tight dimer, but
there is little contact between the two EF-Tu molecules. The
interaction of EF-Ts with EF-Tu results principally in the
disruption of the Mg2+-binding site on EF-Tu, thereby
reducing its affinity for guanine nucleotides.
8 February 1996, Nature
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n See the Minireview article by Kenton Abel and Frances Jurnak in the 15 March issue of Structure (volume 4:229–238).
n X-ray structure of an anti-fungal chitosanase from
streptomyces N174. Edward M Marcotte, Arthur F
Monzingo, Stephen R Ernst, Ryszard Brzezinski and 
Jon D Robertus (1996). Nat. Struct. Biol. 3,155–162.
Chitosan, a linear polysaccharide of b-(1,4)-linked
D-glucosamine residues, has diverse commercial applications,
ranging from bioerodible suture material and drug delivery
systems to metal removal from waste streams. The paper
describes the crystal structure of a protein with chitosan endo-
hydrolase activity, isolated from Streptomyces N174. The mostly
a-helical fold reveals a structural core shared with several
classes of lysozyme and barley endochitinase, in spite of a lack
of shared sequence. Based on this structural similarity, the
authors postulate an active site mechanism of action and mode
of substrate recognition for this enzyme.
February 1996, Nature Structural Biology
n Crystal structure of the neurophysin–oxytocin complex.
John P Rose, Chia-Kuei Wu, Chwan-Deng Hsiao, Esther
Breslow and Bi-Cheng Wang (1996). Nat. Struct. Biol. 3,
163–169.
Oxytocin is a regulatory hormone secreted by the mammalian
posterior pituitary and mediates milk ejection and uterine
contraction. The first crystal structure of oxytocin complexed
with its carrier protein neurophysin has been determined and
refined to 3.0 Å resolution. One dimer is observed in the
crystallographic asymmetric unit. The hormone-binding site is
located at the end of a 310-helix and involves residues from both
domains of each monomer. Hormone residues Tyr2, which is
buried deep in the binding pocket, and Cys1 have been
confirmed as the key residues involved in neurophysin-hormone
recognition. The authors compare the bound oxytocin observed
in the neurophysin–oxytocin complex, the X-ray structures of
unbound oxytocin analogues and the NMR-derived structure for
bound oxytocin. The structure is in agreement with the previous
crystallographic findings, but differs from the NMR result with
regard to the method of recognition of Tyr2 by neurophysin.
February 1996, Nature Structural Biology
n The 2.4 Å crystal structure of the bacterial chaperonin
GroEL complexed with ATPgS. David C Boisvert, Jimin
Wang, Zbyszek Otwinowski, Arthur L Horwich and Paul B
Sigler (1996). Nat. Struct. Biol. 3, 170–177.
GroEL is a bacterial chaperonin of 14 identical subunits (two 7
subunit rings) required to help fold newly synthesized proteins.
The crystal structure of GroEL with ATPgS bound to each
subunit shows that ATP binds to a novel pocket, the primary
sequence of which is highly conserved among chaperonins.
Interaction of Mg2+ and ATP involves phosphate oxygens of
the a-, b- and g-phosphates, which is unique for known
structures of nucleotide-binding proteins. Although bound
ATP induces modest conformational shifts in the equatorial
domains (these domains being primarily responsible for the
stability of the assembly), how GroEL coordinates its affinity
for nucleotides, polypeptide, and GroES remains uncertain.
February 1996, Nature Structural Biology
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